
. . 
'-1. .. 

NOAA TR ERL 293-AOML 13 

11111 ~~~~~l~lll~[ll~lil~l~il~l l~[~f 11~11111111 
A UNITED E 3 0479 00056 4476 
DEPARTMErlo v• r 

g~~~:~g~ NOAA Technical Report ERL 293-AOML 13 
U.S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
Environmental Research Laboratories 

BOULDER, COLO. 
OCTOBER 1973 

-· 



U.S. DEPARTMENT OF COMMERCE 
Frederick 8. Dent, Secretary 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

Robert M. White, Administrator 

ENVIRONMENTAL RESEARCH LABORATORIES 

Wilmot N. Hess, Director 

·NOAA TECHNICAL REPORT ERL 293-AOML 13 

~x . 

~.~aribbean Atlantic Geotraverse, 
/~~NOAA·IDOE 1971, 
';::," 

r~';Report No. 1, Project Introduction · 
Bathymetry J 

·. 6. PETER 

. ·6. MERRILL 

$.BUSH 

'BOULDER, COLO . 
. . · OCTOBER 1973 

...'.At;._,~; El\f(L CAfHLH UBRARYl 
GA. SOU'fHWES'l'.EltN COLLEGS 
Al\'.B.i:mcus~ GEOUGlA 31709. 
n-.. J2,o. 

-
.. ; For sole by the Superintendent of Documents, U.S. Government Printing Office, Washington, D. C. 20402 



~ ~---~-----~--- -~ ----~-

DISCLAIMER 

The Environmental Research Laboratories do not approve, 
recommend, or endorse any proprietary product or proprietary · i 
material mentioned in this publication. No reference shall 
be made to the Environmental Research Laboratories or to this 
publication furnished by the Environmental Research Labora- · 
tories in any advertising or sales promotion which would in­
dicate or imply that the Environmental Research Laboratories 
approve, recommend, or endorse any proprietary product or · 
proprietary material mentioned herein, or which has as its· 
purpose an intent to cause directly or indirectly the adver­
tised product to be used or purchased because of this Envi­
ronmental Research Laboratories publication . 

.. 

ii 



CONTENTS 

Page 

ABSTRACT 1 

INTRO DU CTI ON 2 

SCIENTIFIC OBJECTIVES 3 

BATHYMETRIC DATA 
INSTRUMENTATION ANO ACQUISITION 3 

DATA REDUCTION 4 

NAVIGATION 4 
" 

·,i"i DATA DISPLAY 5 

DISCUSSION OF RESULTS 7 

ACKNOWLEDGMENTS 9 

REFERENCES 10 

APPENDIX. PROFILES 15 

iii 



CARIBBEAN ATLANTIC GEOTRAVERSE, 
NOAA-IDOE 1971, 

REPORT NO. 1, PROJECT INTRODUCTION---OATHYMETRY 

G. Peter, G. Merrill, and S. Bush 

Studies of the Lesser Antilles Island Arc, the 
adjacent Atlantic Basin, and the Mid-Atlantic Ridge were 
performed in 1971 as part of the NOAA-IDOE-supported 
Caribbean Atlantic Geotraverse (CAG} project. During 
these investigations, approximately 30,000 km of bathy­
metric, magnetic, and gravity data and 1,500 km of 
seismic reflection data were collected in an area bor­
dered by latitudes 14° and 17°30'N and by longitudes 42° 
and 62°W. 

Bathymetric investigations of this project estab-
1 i shed that: (a) the Barracuda Ridge is an isolated 
feature which does not extend to the Mid-Atlantic Ridge; 
(b} another ridge system exists east-southeast of the 

.Barracuda Ridge which was named the Researcher Ridge 
after the survey ship; (c} a "typical" Mid-Atlantic 
Ridge topography extends from the northern Atlantic to 
the east of the Lesser Antilles Island Arc; and (d) east­
west-trending topographic lineaments suggest faulting 
of the Atlantic Basin east of the Barbados Ridge. 

Magnetic and gravity studies confirmed the find­
ings above and established that, during the Tertiary, 
the development of the Mid-Atlantic Ridge in the study 
area was similar to that of the rest of the North Atlantic. 

This report contains: (1) the introduction of 
the CAG project; (2} a summary of the major accomplish­
ments; (3) a description of the bathymetric data; and 
(4} a presentation of data profiles and an interpretive 
bathymetric contour map. Similar treatments of the mag­
netic and gravity data are contained in Caribbean Atlantia 
Geotraverse Report No. 2 and Report No. 3, respectively. 



INTRODOGTION 
The Caribbean Atlantic Geotraverse (CAG) project outlined a series 

of studies which required a systematic geophysical data coverage between 
the Lesser Antilles Island Arc and the Mid-Atlantic Ridge. To establish 
this high-density geophysical data traverse and to test the 11 Funnel-Smith 11 

(1968) hypothesis, support for 3 years was requested from the National 
\ ' 

Science Foundati.on Office for the .International Decade of Ocean Explora­
tion (NSF-IDOE). The work was planned _to provide the first phase in a 

' ' 

series of systematic scientific investigations directly north of the 
equatorial Atlantic region ~h~re fracture iones and a generally tomplex 
tectonic pattern made the interpretation o_f existing geophysical data 
difficult. The proposed studies were designed to provide critical tests 
of wo~king models that are generally proposed to explai~ the evolution 
of the Atlantic and Caribbean Basins. 

NOAA received only 1-year support from NSF-IDOE, and-the pr6ject 
commenced in 1971 aboard the NOAA ship Researcher. Because of the reduced 
support, a system of east-west-oriented tracklines, spaced 38 km apart, 
was established in an area bordered by longitudes 42° and 62°W and by 
latitudes 14° and l7°30'N (fig. 1). The distante between the north-south 
tielines varied between 200 and 360 km. Four north-south crosslines were 
extended southward to about latitude 10°N to provide reconnaissance infor­
mation for future investigations. 

Processed and original data collected quring this proj,ecf are , 
available from the ~OAA National Geophysical and Solar-Terrestr1~1 Data 
Center (NGSDC) in 'Boulder, ColO. ,·this report ~ontafns ~he' iotrod.uction 
of the project; its scfentific obje<;tiye~ andmajo~~esults, and the 
description pf the bathyinetrfo data.acqutsi~~q~}n(J>r6~e~$fog01ethods. 
The appendix contains a series of Mthymetric' p~ofites'whkh provide an· 
easy overview of the' d~ta. Introducti~n'·arid pres~ntat,tor 'of the magnetic 
and gravity data are contained ,in Report No. 2 ~Peter et al., 1973a) and 
Report No. 3 (Dorman et al., 1973), respectively. Copies of the seismic 
data are available from NGSDC. These data serve as the basis for a num­
ber· of interpretive publications presently in preparation. 
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SCIENTIFIC OBJECTIVES 
•I The overall obJective of thi& study was the establishm~nt of the 

regional geophysical and geological trends between the islands of the 
Lesser Antilles Arc and the Mid-Atlantic Ridge. Under this broad defini­
tion, the following specific objectives were sought. 

(1) To establish the magnetic anomaly pattern south of the Barra­
cuda fault to test the Funnell and Smith (1968) hypothesis a'nd to gain 
insight into the evolution of the Atlantic Basin east of the Lesser 
Antilles Island Arc. 

(2) To study the crustal structure of the Atlantic Basin east of 
the island'arc both in terms of the evolution of the area and the pro­
posed underthrust (Chase and Bunce, 1969) of the Atlantic floor beneath 
the Lesser Antilles Island Arc. 

(3),To examine the Desirade fault and its possible relation to the, 
Barracuda fault. 

(4) To study the transition zone between the Puerto Rico Trench 
and the Barbados Ridge. The possible role of the Barracuda fault zone, 
forming an abrupt structural barrier of the trench as opposed to the 
gradual termination of the trench caused by increasing sediment fill 
toward the south, was to be established. 

(5) To study the possible relation between the east-west faults 
of the Atlantic Basin and those similar faults intersecting the Lesser 
Antilles Island Arc. 

BATHYMETRIC DATA INSTRUMENTATION AND ACQUISITION 
Bathymetric data were recorded aboard the Researaher along approxi­

mately 30,000 km of trackline. The principal sounding system aboard con­
sisted of 12-kHz Harris narrow-beam echo sounder with a 3°-wide single­
vertical effective beam. Progressive electronic failure necessitated the 
use of a conventional (60° beam width) sounding system during the second 
half of the cruise (profile 28 onward; fig. ,l). 

During the use of the narrow beam system, the depths were sampled 
automatically and stored in the shipboard computer with other geophysical . 
data at 1-minute intervals. When using the wide-beam sound source, 
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5-minute values as well as peaks and troughs. were manually entered into1 

the shipboard computer system and stored on the raw-data tape. Spurious 
values were later checked and. edited out or corrected on a processed data 
tape aboard the ReseaxoaheP. 

DATA REDUCTION· 
Data reduction in the laboratory consisted of: {1) further editing 

of the processed data tape to obtain data at 5-minute intervals, plus the 
peaks and troughs~ {2) key~unching on cards and adding to the data file 
the bathymetric highs. lows, and the inflection points that were missed 
previously; and (3) merging the smooth na~igation tape with the data tape 
and computing the geographical coordinates .for each data point. 

A final data tape was provided that contained the· following infor­
mation: ( 1) index number; {2) Jul tan day (JD); (3) Greenwich M·ean Time- , 
GMT {hour, minute, and 0.1 minute); {4) latitude; (5) longitude (items 
(4) and (5) in degrees and decimal fractions); (6) nautical miles traveled; 
(7) kilometers traveled; (8).uncorrected fathoms; (9) correct fathoms; 
and (10) corrected meters. 

Velocity corrections were computed from the Matthews Tables. The 
limits of this project fall within four echo-sounding areas: 11, 12, 16, 
and 19. Corrections for these areas were plotted and, because of the 
great similarity noted, an average velocity correction curve was drawn 
for the entire study area. The corrections applied are indicated in 
' . . . 

table 1. From the final processed data tapes, data listings and cifsp.lays 
were prepared. 

NAVIGATION 
The position of the ReseaxoaheP during this project was controlled 

by an SRN-9 satellite navigation system (Guier, 1966). Fixes from the 
satellites were available on the average of about every 2 hour-s. Between 
the satellite fixes, the shipboard computer interpolated dead-reckoning 
positions, based on the previous satellite data, on new input of course 
and speed information when pertinent, and on Loran-C data. 

4 
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Tabte 1. pepth oorreotions apptied to sounding data 

Depth in fathoms Correction 

0 to 400 0 to 11 

400 to 1,200 11 to 27 

1,200 to 1,800 27 to 46 

1,800 to 2,500 46 to 77 

2,500 to 2,800 77 to 98 

2,800 to 3,600 98 to 128 

The satellite navigation system was inoperative between JD 295 
and JD 302. During this interval, a combination of Loran-C, Omega, and 
star fixes provided the navigation control. 

' A position data tape of the ship and computer plots of the track­
lines were provided by the ship at each port stop. 

DATA DISPLAY 
In the appendix, bathymetric profiles are shown in corrected meters. 

Depths are plotted against latitude or longitude, depending on the d9mi­
nant heading of the profile. The scales are such that the vertical exag-
geration of the bathymetry is approximately 50:1. Index numbers on the 
profiles refer to the trackline chart (fig. 1) where the location of 
each profile is indicated. Table 2 qives the time intervals for each 
·profile that will be helpful in requesting specific data from NGSDC. 

An interpretive bathymetric contour map is included in this report 
as figure 2. During the preparation of the map, other data.available for. 
this area were also consulted (Collette and Rutten, 1972) and wer~ incor­
porated when they did not contradict Researoher data. Over the Mid­
Atlantic Ridge, the rapidly changing topography clearly demonstrated the 
inadequacy of the 38-km east-west line spacing. While admittedly other 

' . interpretations are possible, the authors believe that their presentation 
is consistent, and that it complements other maps and data available for 
this area. 
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Table 2. Profile start and stop times for> Projeat RP-12-RE'-71 

~:a;;==:::: :a::::=~~~-- ·t:=:'-:O:---~-&:-=====-~;·~::::-=.%;""a;" ~--.:. ~-:;::- •• ·:~::=.:.::.:-~.=:::..~...: ~~' 

Profile · Start Stop'< '. 
number JD Time JD Trme .......,.:--·-- ·---

1 261 0800 262 0130 
2 262 0405 263 1515 
3 263 2330 . '264 1740 
4 264 . 1835 ' 265 1230 
5 265 1420 266 0600 
6 266. 1010 266. 1620 
7 266 1625 267 0740 
8 267 0745 .267. 1610 
9 267 ,161,5 268 2200 

10 268 2205 269 1330 
11 269 2125 270 1240 
12 270 12.45 271: : 0420 
13 271 0425 271 1920 
14 271 1925 272' 0310 
15 272 1315 ' 272' 132_0 ' 
16 272 1325 2'74 

'' 1005 
' .· 17 ·. 274 1010 ·274 '" 1S35 

18 274 1540 274 ) I : 
2240 

19 274 2245 275 t73o 
20 275 1835 276 2240 
21 276 2245 277 0815 
22 277 0820 277 1400 

.•• , ;_;J 2'3f 277 1405 ., ' 279 ' 1710 
~ f ''ig .,.·,,~; 279 1725 279 2200 

279 2205 '280' 1230 
'·;.; -:26 ! { .·· 280 1505 '280 1910 

... 27 280 1915 2.8l . ; Q055 ' 
28 286 0100· ' 286' " . ,· 0830 ' ' 

29' 286 ' ·0905 '-, .' '290 2040 
30. 290 2300 294 ' ·.··. 1SQ5 
31 294 1717. 5 299 .. ·0100 
32 299 0240 301 ,'. 0555 

. 33 306 2115 309 2240 
34 310 0015 312 1645 
35 312 2230 315 1835 
36 315 2005 318' 1710 
37 318 1715 320 1830 
38. 320 .2000 322' 1650 
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DISCUSSION OF RESULTS 
The CAG project successfully accomplished the majority of the pre­

set scientific objectives. Although the shorter timespan of the project 
did not allow for planned ~igh-density data acquisition, sufficient data 

·.,were obtained to establish the magnetic anomaly pattern in the study area. 
·,This pattern suggested that the Cenozoic evolution of the Mid-Atlantic 

Ridge east of the Lesser Antilles Arc was essentially similar to that of 
·the rest of the North Atlantic (Lattimore et al., 1973; Peter et al., 

• 1973b; and Peter et al., 1973c). 
North of the Barbados Ridge, several seismic profiles show that 

the Atlantic basement (second layer) and the entire overlying sediment 
·column dip below and eventually are overlain by apparent slump material 

,'from the island arc. This sediment column appears undisturbed several 
kilometers west of the Puerto Rico Trench (its southeastward extension) 
without any indication that the column is in the process of being 

I 

"scraped off 11 due to the commonly proposed underthrust of the sea floor 

. below the island arc. 
We found that the northern boundary fault of the Barracuda Ridge 

can be extended west-northwestward. No connection was observed, however, 
between it and the Desirade fault (Schubert and Peter, 1973). The seis­
mic reflection work was unsuccessful in providing a definitive answer to 

. this question and to the question of the nature of the transition zone 
between the Puerto Rico Trench and the Barbados Ridge. The lack of sue-

. cess is attributable to the combination of the following: (1) The sedi­
ments covering this part of the sea floor underwent repeated slumping and 
became so deformed that they are devoid of reflecting horizons; (2) the 
sediments below the'sea floor consist of uniform, dense material that 
quickly absorbs all acoustic energy; and {3} the basement is so deep that 
it is beyond the capacity of our seismic system. The topography of the 
sea floor does suggest, h.owever, that the transition is structurally con-

trolled. 
Numerous faults have been observed east of the Lesser Antilles 

Arc both in the bathymetric and seismic data. Further careful studies 
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are· required to establish whether these faults are related in any way to . 
similar eas~-west-oriented faults not~d on the Barbados Ridge. 

The bathymetric map (fig. 2) clearly shows the Mid-Atlantic Ridqe 
province; the Demerara and Barracuda abyssal plains to the west of the 
ridge province, and the complex topography of the Barbados Ridqe. The 
axis of the Mid-Atlantic Ridge is indicated by heavy arrows; the offset 
of the ridge crest is alonq the 15°20 1N fault zone (Collette and Rutten, 
1972). North of this fault, the depression following the same trend is 
the Royal Deep (Collette and Rutten); to the south of the fault zone, the 
elongated trough is the Researcher fa~lt zone (L~ttimore et al., 1973; 
Peter et al., 1973b;· and Peter et al., 1973c). Directly south of this 
fault trough, between long,itudes 48° and 51°30 1W,. lies a complex ridge 
system which we have_ named the Re$earch Ridge (Lattimor~ e~ al., 1973; and 
Peter et al., 1973b, and 1973c). 

The clearest evidence of the inadequacy of the 38-km east-west 
trackline spacing is shown between the Royal Deep and the Researcher 
Ridge. We expect that the topography in this area is just as ~omplex as 

' '~' 

the flank of the Mid-Atlantic Ridge north of. the Royal Deep. Within this 
same area the westward extension of the Royal Deep, the 15°20 1N fault 
~one, and the Researcher fault zone to approximately longitude 51°W is 
permitted by available data; however, because we had only a few north­
south lines available to establish this trend, it is possible that a mor~ 
detai~ed survey would indicate that the termination of these feature~ is 
closer to the crest of the Mid-Atlantic Ridge than is indic~ted in f1g~re 
2. 

The contours in the area between longitudes 41° and 54°W arE?" also 
ambiguous because, outside of the Researcher Ridge~ the relatively sub- · 
dued topography can be contoured with a.north-south trend (as shown) or 
with a trend parallel to the Researcher Ridqe. The contours in figure 2 
were adopted after careful studies of these alternatives and of the 
broader, more regional bathymetric trends. 

A somewhat unexpected result of the bathymetric survey invqlves 
the Barracuda Ridge (located between long. 54° and 59°W and lat. 16°30' 
and l7°N). It had generally been assumed that this feature is part of a 

'8 



major transform fault 'cutti n!'.) across the Atlantic Basin. Our results 
indicate that the Barracuda Ridge is an isolated feature, without any 
obvious extension toward the east-southeast to the flank of the Mid­
Atlantic _Ridge,. A closer look at the bathymetric contours suggests that 
,both t~e Barracuda and Researcher Ridges contain east-west-trending com­
ponents which are probably the results of east-west faults. Seismic as 
well as'magnetic data support this conclusion~ with correlations of the 
major east-west bathymetric trends either with normal faulting or with 
major offsets of the magnetic lineations (Lattimore et ,al., 1973; Peter 
et al., 1973b; and Peter et al., 1973c). 
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